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Abstract. Background: The kidney is the
most commonly injured organ of the genito-
urinary system during trauma. We describe
the associated risk factors for the develop-
ment of acute kidney injury (AKI) in pa-
tients with renal trauma (RT). Materials and
methods: We prospectively analyzed data
from 65 patients who suffered RT from 2015
to 2019 at the Hospital Civil de Guadalajara.
Demographic variables, clinical character-
istics, and AKI risk factors were described.
We assessed the risk factors related to AKI
development. Results: In our study cohort,
60 (92.3%) patients were men, mean age 25
(20 — 30) years; the most common cause of
RT was firearm injury in 26 (40%) of patients
and 46 (70%) required surgery. AKI associ-
ated with RT developed in 39 (60%) patients.
There were no differences between patients
with or without AKI requiring nephrectomy
(35.9 vs. 19.2%, p = 0.15). RT was classi-
fied as high-grade in 37 (56.9%) cases;
high-grade RT increased four-fold the prob-
ability of AKI (adjusted OR 3.95, p = 0.05).
A model for AKI prediction during RT was
built with the most relevant variables: fire-
arm injury, shock, emergency surgery, high-
grade RT, and liver injury, all predicting AKI
(ROC-AUC of 0.74 p = 0.02). Conclusion:
AKI occurred in 60% of cases with RT, and it
was significantly associated with high-grade
RT. Further studies will be required to con-
firm this association in other populations,
which could lead to an earlier and proactive
management of AKI in this setting.

Introduction

Among organ failure after trauma, acute
kidney injury (AKI) is common, with a re-
ported incidence up to 50%, and is indepen-

dently associated with prolonged hospital-
ization and higher mortality [1, 2]. Trauma
patients are exposed to multiple risk factors
for developing AKI, including systemic in-
flammation, hypovolemic shock, massive
transfusion, rhabdomyolysis, abdominal
compartment syndrome, and major surgery
[3, 4]. AKI usually develops in the next days
following multiple trauma, with 96% of the
cases diagnosed within the first 5 days after
traumatic injury [2]. Identifying AKI risk
factors after multiple trauma is essential to
establish a strategy aiming to prevent AKI
and its related complications. Ryan et al.
[5] developed several risk-prediction mod-
els for AKI after multiple trauma based on
demographic, clinical, and biochemical data
around intensive care unit admission; how-
ever, renal trauma (RT) was not taken into
account. Harrois et al. [2] described some as-
sociated risk factors in the largest multicenter
cohort of trauma patients who developed
AKI, but RT was also missing. The kidney
is the most frequently injured organ of the
genitourinary system during abdominal trau-
ma [6, 7]; the prevalence of traumatic renal
injury in trauma patients is a rare complica-
tion, ranging from 0.3 to 3.25% [8, 9, 10, 11,
12, 13], and the most common mechanism
is blunt trauma, accounting for 71 — 95% of
cases [6, 8, 14, 15, 16]. Although it seems
intuitive that direct damage to the renal pa-
renchyma will affect renal function, and its
severity will determine the development of
AKI, little is known about the relationship
between RT and AKI incidence. In this pro-
spective cohort we describe the risk factors
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320 patients assessed had abdominal trauma
for eligibility during August 2015
to August 2019

| 238 Excluded because did not had
renal trauma

82 had renal trauma

17 did not had variables for the
evaluation and monitoring the trajectory
of AKI

A 4

A\ 4

65 had renal trauma and were included
in the final analysis

Figure 1. Flow chart of cohort study of patients
with renal trauma.

associated with the development of AKI in
patients with RT.

Materials and methods

A prospective cohort of patients with RT
hospitalized between January 2015 to Febru-
ary 2019 at the Hospital Civil de Guadala-
jara, a trauma referral tertiary-care facility in
Western Mexico. All patients had a clinical
history and physical examination including
vital signs, laboratory data, and strict fluid
balance. Clinical characteristics and risk fac-
tors for development of AKI according to
KDIGO guidelines [17] were analyzed.

Our primary aim was to describe the
incidence of AKI in patients with RT, to
identify risk factors associated with the de-
velopment of AKI in these patients, and the
variables associated with high-grade kidney
trauma. Exclusion criteria included patients
with chronic kidney disease (CKD) stage
5, chronic dialysis, and history of AKI and/
or renal replacement therapy within the last
3 months, patients with incomplete medical
records, and pregnancy.

This manuscript was drafted according to
the specifications of The Strengthening the

Reporting of Observational studies in Epi-
demiology STROBE guide for observational
studies [18].

The Ethics and Research Committee of
our institution waived the application of in-
formed consent (HCG/CEI-0550/15), since
patients were not exposed to additional risks.

Definition and classification

We used the American Association for
the Surgery of Trauma (AAST) classifica-
tion, which consists of an anatomic descrip-
tion, scaled from 1 to 5, representing the
least to the most severe injury [19] (Online
Supplemental Table 1). AKI was diagnosed
by KDIGO serum creatinine (sCr) criteria
[17] (Online Supplemental Table 2).

Baseline sCr was considered when the
patient had a sCr of at least 3 months before
hospitalization; in cases without baseline
sCr, it was estimated using the Modifica-
tion of Diet in Renal Disease, assuming a
baseline estimated glomerular filtration rate
(eGFR) of 75 mL/min/1.73m?, as suggested
by KDIGO guidelines [17].

Complications such as the incidence of
liver, diaphragmatic, splenic, intestinal le-
sions, and transfusions during hospitaliza-
tion were identified.

Statistical analysis

Continuous variables were reported as
the mean (standard deviation (SD)) if they
were normally distributed, or the median (in-
terquartile range (IQR)) if they were not nor-
mally distributed, according to the Shapiro-
Wilk test. A Mann-Whitney or t-test was used
for comparison between groups, as appropri-
ate. Categorical variables were expressed as
proportions and were compared by y2-test
or Fisher’s exact test, as appropriate. Mul-
tivariate logistic regression was performed
to identify risk factors associated to AKI.
Calibration of the model was assessed using
the Hosmer-Lemeshow goodness-of-fit test,
considered as adequate when p > 0.05. For
all other tests, p values were two-sided, and
a value < 0.05 was considered statistically
significant. MedCalc (Ostend, Belgium) was
used for graphics and statistical analysis.

. 110349Chavez / 28. October 2020, 1:18 PM



Renal trauma-related AKI

Table 1. Demographics and clinical characteristics of renal trauma patients according to AKI diagnosis.

All AKI No AKI p-value
N =65 (%) n =39 (%) n =26 (%)

Age (years)* 25 (20 - 30) 25(21.2-30.7) 24 (17 - 30) 0.14
Gender (male, %) 60 (92.3) 36 (92.3) 24 (92.3) 1.0
NSAID (%) 10 (15.4) 7(17.9) 3 (11.5) 0.48
Knife (%) 21 (32) 7(17.9) 14 (53.8) 0.002
Firearm (%) 26 (40) 20 (51.3) 6 (23.1) 0.02
Blunt Trauma (%) 18 (27.6) 12 (30.8) 6 (23.1) 0.50
Transfusion (%) 43 (66) 27 (69.2) 16 (61.5) 0.52
Blood transfusion (%) 42 (64.4) 27 (69.2) 15 (57.7) 0.34
Red blood cell units* 2 (0-4) 1.5 (0-2) 0.15
Fresh frozen plasma transfusion (%) 22 (33.8) 15 (38.5) 7 (26.9) 0.33
Complication (%) 16 (24.6) 11 (28.2) 5(19.2) 0.41
Shock (%) 21(32.3) 16 (41) 5(19.2) 0.06
AAST Renal Trauma Injury Grade* 4 (3-4) 2(1-4) 0.01
Left kidney injury (%) 34 (52.3) 22 (56.4) 12 (46.2) 0.42
Emergency injury (%) 46 (70.7) 31 (79.5) 15 (57.7) 0.06
Nephrectomy (%) 19 (29.2) 14 (35.9) 5(19.2) 0.15
Nephrorrha@) 24 (36.9) 15 (38.5) 9 (34.6) 0.75
PoIectomyL_JPIease check spelling] (%) 8(12.3) 5(12.8) 3(11.5) 0.87
Nephrostomy (%) 6 (0.9) 4(10.3) 2(7.7) 0.72
Nephrology consultation (%) 12 (18.4) 10 (25.6) 2(7.7) 0.06
Other injured organs (%) 55 (84.6) 34 (87.2) 21 (80.8) 0.48
Hepatic injury (%) 21(32.3) 16 (41) 5(19.2) 0.06
Diaphragmatic Injury (%) 13 (5) 7(17.9) 6 (23.1) 0.61
Splenic injury (%) 15 (23) 10 (25.6) 5(19.2) 0.55
Intestinal injury (%) 24 (36.9) 16 (41) 8 (30.8) 0.40
Length of stay (%) 19 (44.6) 11 (8 - 16) 8 (6—10) 0.04
Hemoglobin (g/dL)" 10.3+2.8 10+2.9 10.6+£2.8 0.45
sCr at admission (mg/dL)" 1.20 +0.62 1.56 + 0.91 0.85+0.24 < 0.001
Serum urea at admission mg/dL" 45 + 30 56 + 41 34+ 20 0.005
Serum sodium (mEg/L) " 134 £ 14 132 £ 20 136 +£3 0.25
Serum potassium (mEq/L) " 43+0.9 44+11 42+0.5 0.27

5

Results

During the study period, 320 patients were
admitted with diagnosis of abdominal trauma,
238 did not have RT, 82 had RT, and of these,
17 were excluded because of incomplete med-
ical records, resulting in 65 patient@uded
in the final analysis (Figure(1A, B ({ no A
or B in Figure 1)). Demographic and clinical
characteristics of patients on admission ac-
co=i=o to AKI status are described in Table
12.3%) patients were men, (Figure 2);
fircarm was the mechanism in 26 (40%) of
the patients, followed by stab wounds in 21
(32%). and blunt trauma in 18 (27.6%) pa-
tient (66%) patients received blood trans-
fusions, and 46 (70%) required emergency
surgery. Complications were reported in 16

un; “mmm; NSAID = non-steroidal anti-inflammatory drugs; AAST = American Association for the Surgery of Trauma.

(24.6%) patients. Nephrology was consulted
in only 12 (18%) cases.

AKI developed in 39 (60%) patients,
and the most frequent mechanism of trauma
in this group was firearm wound (51.3 vs.
23.1%, p = 0.02). Severity grades by AAST
classification were higher (4, range 3 — 4) in
comparison to those who did not developed
AKI (2, range 1 — 4), p = 0.04 (Figure 3).
Length of hospital stay was higher in AKI
patients in comparison to those without it
(11, range 8 — 16 days vs. 8, range 6 — 10,
days, p = 0.04).

sCr and serum urea on admission were
higher in the AKI group (1.56 £ 0.91 mg/
dL vs. 0.85 + 0.24 mg/dL, p = < 0.001
and 56 + 41 mmol/L vs. 34 £ 20 mmol/L,
p = 0.005, respectively). Nephrectomy was
similar in patients with and without AKI
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Figure 2. A: Distribution of mechanism of renal trauma; B: distribution of mechanism of renal trauma

according to the presence of acute kidney injury.

5 (35.9 vs. 19.2%, p = 0.15); the left kid-
ney was the more frequently injured organ
(57%), followed by the bowel (37%), and
liver (32%). Four patients died, all in the
AKI group, and only 1 patient required di-
alysis.

Table 2 shows a nalysis performed
in patients with high@» 5) and low-grade
(1 —3) RT. Patients with high-grade RT had
fewer injuries due to stab wound, had more
firearm injury, required a higher number of
blood transfusions, presented a higher num-
ber of hypotensive episodes, underwent
more nephrectomies or nephrostomies, and

developed more often AKI (p = < 0.05). A
multivariate analysis was performed with
forward stepwise regression method to
identify the most relevant factors for the de-
velopment of AKI, including the variables
with p value < 0.20 at bivariate analysis; as
expected, high-grade RT increased four-fold
the probability of developing AKI (adjusted
RR 3.95;95% C10.90 — 17.2, p=0.05) (Ta-
ble 3). In the regression model, the 5 most
relevant variables that predicted AKI were
firearm injury, shock, emergency surgery,
high-grade RT, and liver injury (p = 0.02,
AUC 0.74).
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Discussion

In this prospective cohort, 60% of pa-
tients with RT developed AKI. To the best
of our knowledge, the association between
RT and AKI has never been explored before.
Similar to other reports, male gender (92%)
was more frequently affected [14, 21, 22,
30]. Patients were predominantly young, with
a median age of 24 (20 — 30) years, similar in
patients with or without AKI, but younger than
previously reported [9, 14, 23]. Blood transfu-
sion was indicated in 43 (66%) cases, and 46
(70%) patients required emergency surgery
(Table 1). Nephrectomy was performed in
51% of the high-grade injury patients.

Penetrating RT is usually caused by fire-
arm (83 — 86%) and stab wound (14 — 17%)
[24, 25]. Indeed, firearm was the most fre-
quent (40%) cause of RT in our study. These
injuries tend to be more severe and to affect
multiple organs, due to the direct tissue dam-
age [26]. Patients with firearm injury have
higher AAST grade than those with blunt
trauma [27]. In our study, RT due to firecarm
injury was more frequently seen in AKI pa-
tients compared to those without AKI (20 vs.
6%, p = 0.02, respectively). RT due to blunt
trauma was present in 18 (27.6%) cases and
was the least frequent cause of RT in our
study. Patients with AKI had less often stab

wound lesions than those with no AKI (17.9
vs. 53.8%, p = 0.002), (Table 1).

Patients who developed AKI had more
severe AAST RT grade, compared with those
patients without AKI (4, range 3 — 4 vs. 2,
range 1 — 4, p = 0.04) (Table 2) (Figure 3).
In a previous report of 889 patients with kid-
ney injury, 227 (25.5%) of the patients had
severe kidney injury, however, AAST grades
were not described [28]. Furthermore, the
diagnostic criteria used to identify patients
with AKI was not specified, a limitation
that could erroneously estimate the true in-
cidence and the associated risk factors relat-
ed to AKI according to the current KDIGO
classification. It is expected to find a higher
incidence of AKI with a greater severity of
RT. In fact, other authors [29, 30] have de-
scribed the worst clinical outcomes in pa-
tients with higher RT AAST grades. The RT
AAST grade also is a predictor for morbidity
and mortality in blunt and penetrating renal
injury [29]. Likewise, the AAST grade has
a statistically significant correlation with the
need for surgery (from 0 to 93%) and the risk
of nephrectomy (0 — 86%) [30].

Nephrectomy has been associated with
a higher incidence of AKI in comparison
to other non-surgical interventions (4.6 vs.
0.6%, p<0.001) (Table 1) [28]. Surprisingly,
nephrectomy was not associated with an in-
creased risk of AKI in our study, this finding
could be explained because our patients are
young and without comorbidities, which im-
plies an adequate renal reserve that can solve
the insult of renal trauma.

Nephrology referrals occurred in only 12
(18%) cases. Abdominal/pelvic IV contrast
computed tomography (CT) with immedi-
ate and delayed images was the imaging
technique of choice for defining the loca-
tion and severity of injury [31]. Contrast CT
could have been an additional exposure that
could have increased the risk of AKI devel-
opment, since nephrology consultation and
prophylactic measures could have prevented
contrast-induced AKI [32]. In our study,
small bowel and liver were the most com-
mon organs affected (37 and 32%, respec-
tively), similar data was previously reported
by Parra-Romero et al. [33] in Mexico.

Trauma related to car accidents and vio-
lent aggressions are frequently reported in
Mexico, representing 50% of deaths in the
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Table 2. Clinical characteristics of renal trauma patients according to the AAST grade, high-grade was

considered those 4 and 5, low-grade was considered 1,2,3.

High grade Low grade p-value
n =37 n=28

Age (years)* 24 (20 — 29) 26 (17 — 32.5) 0.83
Knife (%) 8 (21.6) 14 (48.3) 0.02
Firearm (%) 20 (54.1) 6 (20.7) 0.006
Blunt trauma (%) 9(24.3) 9 (31) 0.07
Transfusion (%) 29 (78.4) 15 (51.7) 0.02
Complication (%) 13 (35.1) 3(10.3) 0.02
Shock (%) 16 (43.2) 5(17.2) 0.02
AKI (%) 28 (75.7) 11 (39.3) 0.003
KDIGO 1 (%) 17 (60.7) 50 (50) 0.71*
KDIGO 2 (%) 8 (28.6) 20 (20) 0.69*
KDIGO 3 (%) 3(10.7) 3 (30) 0.31*
Nephrectomy (%) 19 (51.4) 0 <0.001
Nephrorrha o) 11 (29.7) 14 (48.3) 0.12
Polectomy 2 Please check spelling] (%) 6 (16.2) 2 (6.9) 0.25
Nephrostomy (%) 6 (16.2) 0 0.03
Nephrology consultation (%) 10 (27) 2(6.9) 0.03
Other injured organs (%) 31 (83.8) 25 (86.2) 0.78
Hepatic injury (%) 14 (37.8) 7(24.1) 0.23
Diaphragmatic injury (%) 7(18.9) 7(24.1) 0.60
Splenic injury (%) 8 (21.6) 7(24.1) 0.81
Intestinal injury (%) 11 (29.7) 13 (44.8) 0.20
Length of stay (days)* 10 (6.5 - 16.5) 9(6-11) 0.26

“mmm; *mmm; AKI = acute kidney injury; AAST = American Association for the Surgery of Trauma.

Table 3. Multivariate analysis of AKl in renal trauma patients.

AKI No AKI RR Adjusted RR | RR 95% CI p-value
Firearm 20 (51.3) 6 (23.1) 1.57 1.93 0.54 - 6.88 0.30
Shock 16 (41) 5(19.2 1.45 1.51 0.40 - 5.67 0.53
Surgery 31 (79.5) 15 (57.7) 1.60 0.83 0.17 — 3.96 0.82
High-grade renal trauma injury 28 (71.8) 9 (34.6) 1.92 3.95 0.90-17.2 0.05
Hepatic injury 16 (41) 5(19.2) 1.45 1.98 0.52 —7.45 0.31

AKI = acute kidney injury; RR = -@oodness-of—fit (Hosmer-Lemeshow). x? = 3.61, p = 0.72; AUC, 0.74 (0.62 — 0.84).

15- to 44-year population [34]. It is expected
that AKI will represent a frequent complica-
tion in this setting. Although injuries due to
trauma represent a global problem, they are
more frequent in low-income and low-mid-
dle income countries, where a robust health
system to treat them is missing. 90% of the
trauma injuries in the world occur in this
context [35].

RT management has evolved during the
last decades, with a clear transition toward
a non-surgical approach [20, 36]. Tradition-
ally, penetrating renal injuries were managed
with exploration and nephrorrhaphy (61%),
partial nephrectomy (48%), non-surgical

exploration of the kidney, or nephrectomy
[28]. For grade 1 and 2 AAST RT injuries,
conservative management, with observation,
bed rest, IV fluids, serial hematocrit monitor-
ing, and antibiotics, is preferred [31], grade 3
or 4, should undergo exploratory laparotomy
looking for other abdominal injuries [31].
For grade 5 type injuries, it is recommended
to perform an exploratory laparotomy, but
some groups recommend just observation
for hemodynamically stable patients regard-
less of AAST grade, due to inter-observer
variability regarding classification of grade
4 and 5 injuries [37]. This heterogeneity in
management may explain the differences
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Renal trauma-related AKI

found between our study and previous re-
ports. There were 4 deaths, and only 1 patient
required dialysis, all in the AKI group.

Our study has a number of limitations;
first, the small number of patients. Second,
follow-up was short and limited to time spent
in hospital; consequently, we do not know
the long-term outcomes; third, the lack of a
baseline sCr may underestimate AKI inci-
dence; however, since this was a young and
presumably healthy population, it is unlikely
that chronic kidney disease was present in
the majority of cases; fourth, our findings ap-
ply to mostly young males and is not repre-
sentative across the two genders or to other
populations; fifth, the incidence of renal
trauma is much higher than what is reported
in the literature, so this is clearly a high-risk
population and not representative of the gen-
eral population.

The strengths of our study are that, to the
best of our knowledge, this is the first to de-
scribe the association between RT and the inci-
dence of AKI, and it has a prospective design.

Conclusion

In summary, AKI occurred in 60% of
cases with RT, and it was significantly as-
sociated to high-grade RT. Further studies
will be required to confirm this association
in other populations, which could lead to an
earlier and proactive management of AKI in
this setting.

Statement of ethics

Informed consent was waived since there
were no interventions.

Acknowledgment

None.

Funding

None.

Conflict of interest

The authors declare no conflict of interest.

References

(1]

(3]

(6]
(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

Gomes E, Antunes R, Dias C, Araujo R, Costa-
Pereira A. Acute kidney injury in severe trauma
assessed by RIFLE criteria: a common feature
without implications on mortality? Scand J Trau-
ma Resusc Emerg Med. 2010; 78: 1.

Harrois A, Soyer B, Gauss T, Hamada S, Raux M,
Duranteau J;, Traumabase® Group. Prevalence
and risk factors for acute kidney injury among
trauma patients: a multicenter cohort study. Crit
Care. 2018; 22: 344. An erratum can be found at
https://link.springer.com/article/10.1007/s00134-
017-4735-y.

Meersch M, Schmidt C, Hoffmeier A, Van Aken H,
Wempe C, Gerss J, Zarbock A. Prevention of cardiac
surgery-associated AKI by implementing the KDI-
GO guidelines in high risk patients identified by bio-
markers: the PrevAKI randomized controlled trial.
Intensive Care Med. 2017; 43: 1551-1561.

Bihorac A, Baslanti TO, Cuenca AG, Hobson CE,
Ang D, Efron PA, Maier RV, Moore FA, Moldawer
LL. Acute kidney injury is associated with early
cytokine changes after trauma. J Trauma Acute
Care Surg. 2013; 74: 1005-1013.

Haines RW, Lin S-P, Hewson R, Kirwan CJ, Tor-
rance HD, O’Dwyer MJ, West A, Brohi K, Pearse
RM, Zolfaghari P, Prowle JR. Acute kidney injury
in trauma patients admitted to critical care: devel-
opment and validation of a diagnostic prediction
model. Scientific Reports. 2018; 8: 3665.

Erlich T, Kitrey ND. Renal trauma: the current
best practice. Ther Adv Urol. 2018; 70: 295-303.
Salimi J, Nikoobakht MR, Zareei MR. Epidemio-
logic study of 284 patients with urogenital trauma
in three trauma center in Tehran. Urol J. 2004; 1:
117-120.

Wessells H, Suh D, Porter JR, Rivara F, MacKen-
zie EJ, Jurkovich GJ, Nathens AB. Renal injury
and operative management in the United States:
results of a population-based study. J Trauma.
2003; 54: 423-430.

McClung CD, Hotaling JM, Wang J, Wessells H,
Voelzke BB. Contemporary trends in the immedi-
ate surgical management of renal trauma using a
national database. J Trauma Acute Care Surg.
2013; 75: 602-606.

Baverstock R, Simons R, McLoughlin M. Severe
blunt renal trauma: a 7-year retrospective review
from a provincial trauma centre. Can J Urol.
2001; &8 1372-1376.

Herschorn S, Radomski SB, Shoskes DA, Mahoney
J, Hirshberg E, Klotz L. Evaluation and treatment
of blunt renal trauma. J Urol. 1991; 146: 274-276,
discussion 276-277.

Krieger JN, Algood CB, Mason JT, Copass MK,
Ansell JS. Urological trauma in the Pacific North-
west: etiology, distribution, management and out-
come. J Urol. 1984; 132: 70-73.

Wright JL, Nathens AB, Rivara FP, Wessells H.
Renal and extrarenal predictors of nephrectomy
from the national trauma data bank. J Urol. 2006;
175: 970-975, discussion 975.

Bjurlin MA, Fantus RJ, Fantus RJ, Villines D.
Comparison of nonoperative and surgical man-
agement of renal trauma: Can we predict when
nonoperative management fails? J Trauma Acute
Care Surg. 2017; §2: 356-361.

. 110349Chavez / 28. October 2020, 1:18 PM



Chavez-lfiguez, Ibarra-Estrada, Claure-Del Granado, et al.

8

[15]

[16]

[17]

(18]

[19]

[20]

(23]

(23]

[26]

[27]

(28]

[29]

Hotaling JM, Sorensen MD, Smith TG III, Rivara
FP, Wessells H, Voelzke BB. Analysis of diagnos-
tic angiography and angioembolization in the
acute management of renal trauma using a nation-
al data set. J Urol. 2011; 785 1316-1320.
Alsikafi NFE, McAninch JW, Elliott SP, Garcia M.
Nonoperative management outcomes of isolated uri-
nary extravasation following renal lacerations due to
external trauma. J Urol. 2006; 176: 2494-2497.
Kellum JA, Lameire N; KDIGO AKI Guideline
Work Group. Diagnosis, evaluation, and manage-
ment of acute kidney injury: a KDIGO summary
(Part 1). Crit Care. 2013; /7: 204.

Cuschieri S. The STROBE guidelines. Saudi J
Anaesth. 2019; 13 (Suppl 1): S31-S34.

Moore EE, Shackford SR, Pachter HL, McAninch
JW, Browner BD, Champion HR, Flint LM, Gen-
narelli TA, Malangoni MA, Ramenofsky ML,
Trafton PG. Organ injury scaling: spleen, liver,
and kidney. J Trauma. 1989; 29: 1664-1666.
McCombie SP, Thyer I, Corcoran NM, Rowling C,
Dyer J, Le Roux A, Kuan M, Wallace DM, Hayne
D. The conservative management of renal trauma:
a literature review and practical clinical guideline
from Australia and New Zealand. BJU Int. 2014;
114 (Suppl 1): 13-21.

Voelzke BB, Leddy L. The epidemiology of renal
trauma. Transl Androl Urol. 2014; 3: 143-149.
Zgbkowski T, Skiba R, Saracyn M, Zielinski H.
Analysis of renal trauma in adult patients: a 6-year
own experiences of trauma center. Urol J. 2015;
12:2276-2279.

van der Wilden GM, Velmahos GC, Joseph DK,
Jacobs L, Debusk MG, Adams CA, Gross R,
Burkott B, Agarwal S, Maung AA, Johnson DC,
Gates J, Kelly E, Michaud Y, Charash WE,
Winchell RJ, Desjardins SE, Rosenblatt MS, Gupta
S, Gaeta M, et al. Successful nonoperative man-
agement of the most severe blunt renal injuries: a
multicenter study of the research consortium of
New England Centers for Trauma. JAMA Surg.
2013; 148: 924-931.

Bjurlin MA, Jeng EI, Goble SM, Doherty JC,
Merlotti GJ. Comparison of nonoperative man-
agement with renorrhaphy and nephrectomy in
penetrating renal injuries. J Trauma. 2011; 71:
554-558.

Kansas BT, Eddy MJ, Mydlo JH, Uzzo RG. Inci-
dence and management of penetrating renal trauma
in patients with multiorgan injury: extended expe-
rience at an inner city trauma center. J Urol. 2004;
172:1355-1360.

Chouhan JD, Winer AG, Johnson C, Weiss JP,
Hyacinthe LM. Contemporary evaluation and
management of renal trauma. Can J Urol. 2016;
23:8191-8197.

Shariat SE Roehrborn CG, Karakiewicz PI,
Dhami G, Stage KH. Evidence-based validation
of the predictive value of the American Associa-
tion for the Surgery of Trauma kidney injury
scale. J Trauma. 2007; 62 933-939.

Starnes M, Demetriades D, Hadjizacharia P, Inaba
K, Best C, Chan L. Complications following renal
trauma. Arch Surg. 2010; /45: 377-381, discus-
sion 381-382.

Kuan JK, Wright JL, Nathens AB, Rivara FP, Wes-
sells H; American Association for the Surgery of
Trauma. American Association for the Surgery of

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Trauma Organ Injury Scale for kidney injuries
predicts nephrectomy, dialysis, and death in pa-
tients with blunt injury and nephrectomy for pen-
etrating injuries. J Trauma. 2006; 60: 351-356.
Santucci RA, McAninch JM. Grade IV renal inju-
ries: evaluation, treatment, and outcome. World J
Surg. 2001; 25: 1565-1572.

Bryk DJ, Zhao LC. Guideline of guidelines: a re-
view of urological trauma guidelines. BJU Int.
2016; 117: 226-234.

Mehran R, Dangas GD, Weisbord SD. Contrast-
associated acute kidney injury. N Engl J Med.
2019; 380: 2146-2155.

Parra-Romero G, Contreras-Cantero G, Orozco-
Guibaldo D, Dominguez-Estrada A, Campo
JJIMD, Bravo-Cuéllar L. Abdominal trauma: ex-
perience of 4961 cases in Western Mexico. Cir
Cir. 2019; 87: 183-189.

Instituto Nacional de Estadistica. Geografia e Infor-
matica. Registros administrativos de mortalidad;
2020 (Consultado el 6 de enero del 2020). https:/
www.inegi.org.mx/sistemas/olap/registros/vitales/
mortalidad/tabulados/pc.asp?t=14&c=11817.
Gosselin RA, Spiegel DA, Coughlin R, Zirkle LG.
Injuries: the neglected burden in developing
countries. Bull World Health Organ. 2009; 87:
246-246a.

Serafetinides E, Kitrey ND, Djakovic N, et al. Re-
view of the current management of upper urinary
tract injuries by the EAU Trauma Guidelines
Panel. Eur Urol. 2015; 67: 930-936.

Morey AF, Brandes S, Dugi DD 3rd, Armstrong
JH, Breyer BN, Broghammer JA, Erickson BA,
Holzbeierlein J, Hudak SJ, Pruitt JH, Reston JT,
Santucci RA, Smith TG 3rd, Wessells H; American
Urological Assocation. Urotrauma: AUA guide-
line. J Urol. 2014; 192: 327-335.

. 110349Chavez / 28. October 2020, 1:18 PM





